Objective: Review the current literature on the use of sialendoscopy in the treatment of non-stone disorders of the major salivary glands.
INTRODUCTION
The focus of treatment in salivary gland obstructive pathologies is to preserve the gland and its functions with a minimally invasive method. This approach mirrors the wider trend in surgery as a whole, which is increasingly focused on improving function and recovery via the use of improved optical technologies combined with smaller, strategically placed incisions. As a result, there is a growing trend and increasing interest in an endoscopic approach to diagnose and treat salivary gland obstructive disorders worldwide.
The discovery of the major salivary gland ductal system in anatomical human studies was first reported in the 17th century. Approximately 350 years following this discovery, Konigsberger et al. performed the first successful salivary endoscopy with a 0.8-mm flexible endoscope in 1990. 1, 2 Katz removed stone with a flexible scope using blind passage of a basket in 1991, and both Nahlieli et al. and Marchal described different types of sialendoscopy instruments and methods over the next decade. 3, 4 Zenk et al. reported the use of semirigid sialendoscope in different types of obstructive salivary disorders in 22 patients in 2004. 5 In the same year, Nahlieli et al. presented the successful use of the sialendoscope in pediatric patients for juvenile recurrent parotitis. 6 Nahlieli et al. likewise described sialendoscopy in the management of radioiodine sialadenitis in 2006. 7 Marchal described the combined endoscopic and external method for the removal of salivary stones while preserving the major salivary gland in 2007. 8 Since the first description of the endoscopic treatment of salivary gland disorders, more than 200 articles have been published as new instruments, disposable materials, and techniques have evolved.
Sialendoscopy is a minimally invasive procedure with a low rate of complications performed under local or general anesthesia that provides superior anatomical detail. In a nationwide review of data from Denmark, a study showed that there was a 26% reduction in the number of gland excisions for benign salivary gland disease after the introduction of sialendoscopy in 2004 compared to the 5 years prior. 9 Although originally described in the treatment of obstructive salivary stones, sialendoscopy is increasingly applied to non-stone-related obstructive disorders that currently comprise greater than 50% of the patients presenting with salivary gland obstruction at one tertiary referral academic salivary center (Table I ). The various non-stone diagnoses amendable to treatment with sialendoscopy are the subject of this review.
MATERIALS AND METHODS
Eligible articles that reported on the use of sialendoscopy in the treatment of non-stone disorders were identified using MEDLINE, Embase, and Google Scholar, through May 2016. The search used key words sialendoscopy; salivary endoscopy; salivary scope; salivary duct stenosis; salivary duct stricture; Sjogren's disease; radioiodine sialadenitis; salivary duct obstruction; sialadenitis; chronic sialadenitis; juvenile recurrent parotitis; parotitis; and radiation sialadenitis. Full-length prospective and retrospective original articles, systemic reviews and metaanalysis including adults and children with adequate data for evaluating the sialendoscopy for non-stone disorders were included. Individual case reports were excluded.
RESULTS

Scars
Obstructive sialadenitis is the most common benign disease of the major salivary glands, and salivary duct scar is the second most common cause of obstructive salivary disorders after stones. Ductal scars are estimated to contribute to 25% of obstructive cases overall. In patients with obstructive symptoms and negative imaging for stones, ductal scar is found in up to 50% to 90% of patients who undergo diagnostic sialendoscopy. 10, 11 Like other obstructive salivary disorders, salivary duct scar typically presents with painful swelling of the affected gland, most commonly during meals. This may occasionally result in recurrent bouts of bacterial sialadenitis, with fever, glandular swelling, overlying skin erythema, and purulent ductal secretion. Less commonly, patients will note worsening dry mouth with a reduction in the amount of saliva that they experience. Ductal scar most commonly presents in the parotid gland (75% of cases) in both children and adults. 12, 13 The scar tissue is most often localized to the main duct and ostium.
Ultrasound, sialography, and sialendoscopy have important roles in the diagnosis of obstructive salivary duct scar. Because normal salivary ducts cannot be seen on ultrasonography, visualization of a dilated duct on ultrasonography after sialogogue challenge indicates a ductal obstruction, which can often be localized by following the dilated duct distally to the point where it is blocked. Although visualization of a ductal blockage on ultrasonography in the absence of stone suggests ductal scar, diagnostic sialendoscopy is required to confirm the diagnosis of ductal scar via direct visualization because most imaging modalities, with the possible exception of sialography, do not have the sensitivity to detect ductal scar. The goal of diagnostic sialendoscopy is a complete description of the obstructive scar tissue (Table II) . A stricture is usually a short segment of intraluminal scar with either a complete blockage or pinhole lumen. A stenosis is a long segment circumferential narrowing of the ductal lumen (Fig. 1) .
In cases of ductal scar where conservative management fails, sialendoscopy is often the best option for treatment. Salivary duct scar is often more amendable to a purely endoscopy approach compared to salivary stones. A large retrospective series found that significantly more non-stone obstructions could be treated with endoscopic approaches alone compared to stones (77% vs. 17%).
14 The endoscope tip, microdrill, basket, balloon, dilators, bougies, and laser may be required in the treatment of scars. 2, 13, [15] [16] [17] Steroids may be especially beneficial in cases of type 1 inflammatory stenosis that presents with ductal wall edema and hyperemia. If scar tissue is localized in the ostium or main duct, the surgeon may elect to insert a salivary stent at the conclusion of the procedure. The combined approach may be Several large series have shown excellent long-term outcomes with gland-preserving therapy for salivary duct scar. In a series of 82 patients with 98 parotid duct stenoses treated endoscopically, significant improvement was noted in symptoms and quality of life, as measured by a visual analog scale after a mean follow-up time of 98 months. 18 Although improved, 50% of patients continued to have low-grade swelling, and 20% continued to have recurrent pain. No patient underwent gland resection; however, 10% required repeat sialendoscopy. A separate large series of 206 patients with both stone and non-stone obstruction, most of which was due to ductal scar, observed improvement in both the stone (96%) and non-stone (81%) groups by patient report after sialendoscopy.
14 When compared to the stone group, non-stone obstructions were associated with significantly higher rates of persistent symptoms (59% vs. 34%), as well as lower quality of life as measured by a modified oral health outcome survey. There was no higher rate in repeat surgery (6% vs. 13%) or gland excision (8% vs. 9%) in the stone group compared to the non-stone group. Kopec et al. reported the results of 35 Stensen's duct and 24 Wharton's duct stenoses treated with interventional sialendoscopy followed by stenting for 14 to 21 days. Most of the stenoses were localized in the papilla and distal part in both the parotid and submandibular glands. Although they did not report the evaluation method of symptom improvement, the authors found a 78% improvement of symptoms after a mean follow-up of 24 months. 19 
Juvenile Recurrent Parotitis
Juvenile recurrent parotitis (JRP) is the second most common salivary gland disease in children behind mumps; it most commonly occurs in boys between the ages of 4 months and 15 years. 20 The disease frequently presents unilaterally with acute swelling, independent of meals without seasonal or diurnal pattern. Pain, fever, hyposalivation, mucoid secretion, and/or redness of the skin overlying the affected gland are common symptoms that generally subside within 48 to 72 hours. These symptoms can recur every few weeks to months and may significantly reduce quality of life. Attempts to preserve the gland are of the essence because the disorder often resolves spontaneously at puberty. Although the exact cause of the disorder is unknown and may be multifactorial, ductal ectasia due to weakness of the surrounding tissue, genetic factors, allergy, and postviral inflammation have been suggested as possible etiologies. Ultrasonography or computed tomography are the most commonly used imaging modalities and can help confirm the diagnosis due to JRP's stereotypic appearance. Imaging commonly shows scattered radiolucencies consistent with salivary stasis within the parenchyma of the gland, which are often described as a Swiss cheese or moth-eaten pattern (Fig. 2) .The treatment of JRP consists of the prevention of recurring attacks, with sufficient hydration and avoidance of drying medications, as well as treating episodes with antibiotics, heat application, massage, dilation, and steroid and saline irrigation. 20 In recent years, studies have examined the role of sialendoscopy in the management of JRP. Sialendoscopy findings in JRP include a pale ductal wall without clearly seen blood vessels, tortuous or kinked ducts, ductal ectasia, focal/diffuse stenosis, and mucus plugs. 20, 21 Canzi et al. reviewed the literature of the diagnostic and therapeutic outcomes after sialendoscopy treatment in patients with JRP. 21 They reported 179 children (109 males, 70 females) with an average age of 7.8 years, with a mean frequency of JRP events prior to sialendoscopy of 5.5 attacks per year. Diffuse stenosis and multiple fibrinous debris/mucous plugs were observed in a high percentage of children (mean 56% and 45%, respectively). Ductal irrigation with isotonic saline plus steroids was commonly used with additional application of microdrills or balloon dilation in some patients. Complete resolution of JRP attacks after sialendoscopy treatment was observed in 78%, with the remaining 22% noting a reduction in the frequency of episodes. 21 Ramakrishna et al. performed a systemic review of sialendoscopy for the treatment of JRP in 2015 and found a no further episode success rate of 81% without report of major complications. 22 The benefits of sialendoscopy reported by various studies include the sialendoscopic differentiation of JRP from other pediatric salivary gland disorders, allowing therapeutic irrigation (saline and/or corticosteroid) and interventions (dilatation, balloon), reducing antibiotic usage, improving quality of life by reducing acute episodes, and minimally invasive treatment with a low risk of complications. [22] [23] [24] [25] [26] Despite the potential benefits, the role of sialendoscopy for JRP remains a subject of debate. Schneider et al. compared patients treated with sialendoscopy with corticosteroid irrigation to those treated with oral antibiotics alone. 27 The study found a significant reduction in episodes and pain in both groups, which led the authors to conclude that although sialendoscopy helps to confirm the diagnosis of JRP and provides a treatment option, its role requires ongoing evaluation in future prospective studies. 27 Rosbe et al. also compared the effectiveness and cost of sialendoscopy with conservative therapy and found that sialendoscopy had higher care costs with similar outcomes to conservative therapy alone. 28 Roby et al. treated the JRP patients with only ductal corticosteroid infusion without sialendoscopy and found a 75% improved quality of life similar with reported rates for sialendoscopy. The author hypothesized that the corticosteroid infusion, not the sialendoscopy, was the source of the imporvement. 29 This study was limited by a small sample size, with only eight patients completing the quality-of-life survey. Although there are encouraging studies that show benefit with sialendoscopy for JRP, there is a lack of prospective, randomized controlled studies comparing it to conservative treatment alone. The best approach may be a wait-and-see approach with use of conservative measures, initially followed by the option of sialendoscopy if there are three episodes within a 6-month period or four episodes within a year. Other options include dilation and steroid infusion in the office, or under light sedation if salivary scopes are not readily available for use.
Radioiodine Sialadenitis
A major potential side effect of radioiodine (RAI) treatment for well-differentiated thyroid carcinoma is both short-and long-term radiation sialadenitis of the salivary glands. Salivary glands have a capacity to concentrate iodine 7 to 700 times higher than serum. Secretion of radioiodine into saliva from ductal epithelium may lead to periductal inflammation and fibrosis. [30] [31] [32] The parotid gland is the most affected salivary gland because it consists of a higher proportion of serous cells, which are more susceptible to the hazardous effects of radiation compared to other cell types. 30, [32] [33] [34] The other effect of radioiodine is endothelial damage, which changes the biochemical content and quality of the saliva, thereby reducing its function. 30 Acute symptomatic sialadenitis varies with a range of 2% to 67% due various factors. 31, 35, 36 Early swelling and pain may be observed in the first few days after therapy, but the exact rate of early swelling and pain is not known. These symptoms are rapid, dose-related, and often heal without specific intervention. 30 Some glands, however, will undergo progressive damage, which present as persistent symptoms consistent with chronic sialadenitis. 30 Sialendoscopy has been helpful in delineating the pathogenesis of the chronic radioiodine sialadenitis. Initially, the ductal lumen narrows and forms strictures and mucus plugs. This creates an obstruction that causes the onset of symptoms of swelling and pain mostly during meals. The obstruction predispose to infection, thereby further worsening duct wall scarring and reduced salivary production. 30 Clement et al. reported a systemic review of intermediate-and long-term side effects after RAI treatment. The authors found that there is an association between symptomatic and objective salivary gland dysfunction and higher cumulative dosage of RAI. 37 However, they found that the prevalence of symptomatic salivary gland dysfunction was lower than objective salivary gland dysfunction (16%-54% vs. 37%-72%, respectively). 37 Dingle et al. evaluated RAI sialadenitis in thyroid cancer survivors and found an association between RAI dose and head-and-neck quality of life. When patients were divided into high-(> 150 mCi) and low-dose (< 150 mCi) groups, high-dose patients were 2.5 times more likely to experience sialadenitis, as well as a reduction in swallowing-related and global head-and-neck quality of life. 38 Although the present literature is largely limited to small case series, sialendoscopy appears to be an effective method to manage RAI-induced sialadenitis in the majority of patients unresponsive to conservative measures, often with a single intervention. This success rate is attributed to the removal of mucus plugs, dilation of strictures, and reduction of inflammation from steroid irrigations. Management of sialadenitis and obstructive symptoms is more effective than reducing symptoms of xerostomia. Few complications have been reported, and the procedure is considered low risk. Nahlieli et al. presented the first series of RAI sialadenitis patients treated with sialendoscopy and 100 mg hydrocortisone irrigation in 2006, and found a success rate of 100% without complication in 15 patients. 7 The authors noted that ductal obstruction was central to salivary pathology following radioiodine therapy. 7 Kim et al. evaluated 10 patients treated with a median RAI dose of 165 mCi, with subjective symptom scores, salivary flow rate, and salivary gland scintigraphy prior to treatment and 3 months after sialendoscopy. 39 The study observed postoperative obstructive symptoms were significantly improved without significant change in xerostomiarelated symptoms, salivary flow rates, or scintigraphy functional results. 39 Bomeli et al. published a retrospective analysis of 12 patients with RAI sialadenitis following a mean dose of 143 mCi treated with sialendoscopy. 40 Sialendoscopy revealed mucus plugs and debris in 32 glands, which were removed with irrigation or wire basket followed by irrigation with 40 mg triamcinolone. They reported a 75% symptom improvement with no serious complications after a median follow-up of 6 months. 40 In a similar study of 11 patients, Prendes et al. found a 54% complete resolution at a mean follow-up of 18 months. 41 They stated that therapeutic sialendoscopy provides effective and sustained symptom improvement in most patients. 41 These studies suggest that sialendoscopy is useful for the improvement of symptoms related to RAI sialadenitis in patients who are refractory to conservative medical therapy.
A limitation of these initial studies is the retrospective design and subjective reporting of symptoms. More comprehensive evidence is found in the study of Bhayani et al., which prospectively followed 26 RAI-sialadenitis patients undergoing sialendoscopy following the failure of conservative management. 42 Patients were evaluated with quality-of-life and xerostomia questionnaires and quantitatively with sialometry. After a median follow-up of 23 months, 64% of patients demonstrated complete resolution of RAI-related symptoms and 28% demonstrated partial resolution, but only 31.8% had complete resolution of their xerostomia symptoms and only 45.5% had partial resolution. There was a statistically significant improvement in unstimulated saliva production after 6 months of follow-up. The authors conclude that the beneficial effects are most often seen in patients with obstructive sialadenitis, and to a lesser extent in patients with RAI-induced xerostomia. 42 
Sj€ ogren's Syndrome
Sj€ ogren's syndrome (SS) is a progressive systemic autoimmune disorder characterized by ectopic lymphocyte invasion of nonlymphoid mucosa and visceral organs. 43 The salivary and lacrimal glands are the most commonly involved sites, and the parotid gland is more often affected than the submandibular gland. Patients commonly complain of oral and ocular dryness and thick ropey saliva. Imaging studies, blood autoantibodies, and minor salivary gland biopsy are used for the diagnosis of the disorder. 43 There are a number of medical treatments for xerostomia; however, there are no evidencebased therapeutic guidelines for the management of primary SS. 44 Consequently, current therapeutic decisions are based on a mix of personal experience, expert opinion, and reported studies. Sialendoscopy has been increasingly employed in the differential diagnosis and treatment of SS in recent years, with pale, avascular ductal walls; atrophic ducts; mucus plugs; sialodochitis; and strictures being the most common endoscopic findings. 17, 45, 46 Therapeutic sialendoscopy options for the disorder are irrigation with saline to wash out mucus plugs and dilate the duct; dilation of strictures with salivary dilators or balloons; and infusion of corticosteroids to reduce inflammation. 17, 45 Vashishta et al. retrospectively evaluated the role of sialendoscopy for idiopathic chronic sialadenitis in 51 patients, five of whom were found to have SS. 10 The authors found that scars and mucus plugs were the most common findings. Complete resolution was noted in 61% of patients after a mean follow-up of 20 months. 10 De Luca et al. retrospectively evaluated the endoscopic management of obstructive salivary gland disorders related to SS in 34 patients. 45 They found strictures, mucus plugs, and kinks with rates of 45%, 55%, and 4%, respectively. Parotid glands were more often affected than submandibular glands (65% vs. 23%). Pain was assessed using a visual analog score and quality of life by questionnaire. In all, 85% of the patients had no pain after 6 months; and 85% of the patients had improvement in somatic and mental fatigue, general health, and social functioning. The authors concluded that symptomatic improvement could be due to the antiinflammatory effect of hydrocortisone, as well as mechanical duct dilatation from hydrostatic pressure with saline solution. 45 Shacham et al. treated eight patients with SS of parotid glands using endoscopic techniques of hydrostatic pressure, balloon for dilation, removal of mucus plugs, and infusion of hydrocortisone. 46 After a mean follow-up of 6 months, all eight patients experienced resolution of symptoms, leading the authors to conclude that endoscopic management can relieve symptoms and increase quality of life of the patients with SS. 46 Jager et al. reported a prospective, randomized controlled study comparing a noninterventional control group (10 patients) and sialendoscopy group (10 patients) using salivary flow, xerostomia inventory, and oral dryness score at 1 week prior, and 1 and 8 weeks following sialendoscopy. 47 They also analyzed patient
Laryngoscope Investigative Otolaryngology 1: October 2016 Erkul and Gillespie: Sialendoscopy for Non-Stone Disorders blood markers in these all female cohorts. The xerostomia inventory score and oral dryness score were significantly lower at 1 and 8 weeks in treated patients compared to controls. Salivary flow was higher in the sialendoscopy group at 1 week and 8 weeks; however, this failed to reach statistical significance. The authors concluded that sialendoscopy appears to have a positive effect on subjective and some objective measurements for oral dryness symptoms; however, it is difficult to fully discern the efficacy of this treatment due to the small sample size and a short follow-up period. 47 
CONCLUSION
Sialendoscopy has become a mainstay in the treatment of stone-related salivary obstruction and is being increasing applied to salivary obstruction caused by a wide variety of non-stone disorders. Unlike the large, prospective studies describing sialendoscopy for stones using measurable outcomes such as successful stone removal, studies of sialendoscopy for non-stone disorders are often retrospective, of smaller sample size, and more subjective in measurements of patient outcome. Although the initial results are promising, better evidence in the form of randomized, controlled trials limited to single specific disorder will better establish the efficacy of sialendoscopy in the management of various nonstone obstructive disorders.
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